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Summary of Bulletin No. 238
Corn is a good grain feed for horses and mules doing farm work. In con-
tradiction to the opinion sometimes expressed that corn is not good for horses
and mules, these experiments have shown that sound ear corn properly fed with
legume roughages is a healthful and satisfactory feed. For the roughage part
of the ration, no common feeds are likely to prove more desirable than good
quality legume hays. Clover and alfalfa in particular may be grown with the
assurance that they may be fed both safely and economically to farm work
animals. Wherever they are produced in the corn belt, they may safely be
made the basic roughages for horses and mules.
Ear corn and alfalfa hay alone are sufficient to maintain farm horses and
mules doing a considerable amount of medium to hard work. However, even
tho this is true, our experience further leads us to believe that more satisfactory
rations may be made and perhaps more economical feeding practiced when part
of the alfalfa or clover roughage is replaced with timothy hay, oat hay, oat
straw, prairie hay, or corn stover. The grain ration may be improved in
variety and bulk by replacing about one-third of the corn with oats.
Farm-grown feeds need no special preparation to be successfully fed to
either horses or mules. No condiments or commercial mixed feeds of any kind
were used during these tests, which covered a period of three and one-half
years; and under farm conditions there would be even less occasion to use
prepared feeds or medicinal mixtures, for there would be an opportunity to
use a greater variety of feeds and to make some use of pasture.
Recommendations for feeding farm work stock, based on these experiments,
would be: To use home-grown feeds. To make legume hay an important part of
the roughage, feeding it along with ear corn, or preferably ear corn and oats. And
as a general rule to feed approximately one pound of grain and one pound of
roughage per hundred pounds of live weight per day, varying the amounts as
conditions indicate by increasing the amount of grain when the animals are at
hard work and decreasing the grain and increasing the roughage when they are
doing light work or are idle.
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INTRODUCTION
More than 75 percent of the corn produced in Illinois is fed to
farm animals. When corn is used in any feeding operations, it is
always recommended that it be fed with feeds containing considerable
protein and mineral matter in order that the ration may be properly
balanced and prove suitable and adequate to the needs of the animals.
Corn is superior to any other common feed for the production of
work. 1
The growing appreciation in the corn belt of the marked benefits
to be derived from the use of legumes in crop rotations is resulting
in a steady increase in the production of these crops. At the present
time there is no more satisfactory means of disposing of them than
as feed for the live stock on the farms on which the crops are grown.
There has been considerable opposition to the use of corn and
skepticism concerning its value for farm work animals. Much of this
feeling may be attributed to difficulties resulting from improper feed-
ing and much to the unsuitable character of the corn which was used.
Legume hays, too, have not been very generally used as feeds for
horses and mules because they have been thought to cause digestive
disorders and to reduce strength and endurance.
OBJECT OF EXPERIMENTS
The four experiments reported herein were undertaken in a small
way with the equipment available, in order to determine the prac-
ticability of using corn and legume hays as the basic feeds for farm
work horses and mules. The object was to secure information of value
to the farmer concerning the use of rations composed largely or en-
tirely of ear corn and legume roughages for work stock, and to be able
to give some definite suggestions regarding the amounts required and
methods of feeding. Corn was selected as the main grain feed because
it is grown so extensively in Illinois and its carbonaceous nature should
make its use most satisfactory when it is fed with protein roughages.
Could these feeds form the basis of suitable and economical ra-
tions for farm work animals?
NOTE. Mr. J. J. Yoke assisted in conducting these experiments until re-
signing in 1915.
*Feeds and Feeding, by Henry and Morrison, page 285.
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PLAN
Animals Used. Two horse and two mule teams were used in each
of the experiments. All the animals were rugged, useful workers.
The horses were high-grade drafters. In the first experiment a team
of ten-year-old mares and a team, of four-year-old geldings were used.
In the second experiment three five-year-old geldings replaced the
two mares and one of the geldings of the first experiment. In the
third experiment a five-year-old gelding replaced one of the geldings
used previously. There were no changes for the fourth experiment.
The average weight of the horses in the first experiment was approxi-
mately 1,500 pounds; in the second 1,560 pounds; and in the third
and the fourth experiments about 1,640 pounds.
The same mules were used thruout the four experiments. They
were a pair of mare mules and a pair of horse mules five and six
years old respectively at the beginning of the first experiment. Their
average weight was a little more than 1,350 pounds. On the market
they would have classed as draft mules..
Method of Feeding. The horses and mules were fed the same
kinds and quality of feed; each animal received as much grain and
hay, weighed separately, as it would eat readily. It seldom happened
that any feed was left, but when this did occur the amount given was
reduced in subsequent feedings so that there was no waste. The grain
was fed in three equal amounts each day. One-half of the hay ration
was divided between the morning and noon feeds, and the other half
was fed at night. On Sundays and other idle days the grain was
reduced at least one-third.
All the feeds used in these experiments were home-grown and of
choice quality.
Water was given in the morning after feeding, before and after
the noon feeding, before the evening feeding, and again at nine
o'clock at night. This last drink was very refreshing to the animals,
especially during warm weather.
Stabling The animals were kept in a light, well-ventilated stable
equipped with standing stalls having concrete floors. Shavings were
used for bedding because they would not be eaten. Because of the
lack of suitable yards and because the mules were shod thruout the
year, the animals were not turned together as is commonly done. In-
dividuals were allowed a few hours exercise in a small dry lot on all
idle days.
Nature of Work. All teams were used regularly in doing farm
work and general teaming. The farm work consisted for the most
part of the tilling of small fields ; in addition a number of acre plots
were tilled. A considerably larger proportion of the work consisted
of heavier hauling than is the case on most farms. Loads amounting
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to three tons net weight per team were frequently drawn from town
to the University stock barns, a distance of about two miles.
Records. Records were kept of the weights of the animals, the
amounts of feeds consumed, the number of hours of labor performed,
and the distances traveled.
Weighings were made before watering on one morning of every
week during the experiments. The mileage records of the first and
second trials are for the most part close estimates computed from field
measurements, tho in some cases the distances traveled were measured
by means of an odometer on a two-wheeled cart. No mileage records
were secured in the third experiment. In the fourth experiment small
two-wheeled carts, equipped with odometers, were attached to all the
implements and wagons to which the horses and mules were hitched.
DISCUSSION OF RESULTS WITH HORSES
THE 1912 EXPERIMENT
In the first experiment clover hay was fed with a grain ration
consisting of two-thirds ear corn and one-third oats by weight. The
spirit and appearance, and weights and gains of the animals during
the experiment showed the clover to be a very satisfactory roughage.
It will be noted from Table 1 that the amounts of grain fed were
rather high. While the feed costs could have been reduced by feed-
ing a little less grain and more hay, it is probable that the gains would
have been less. The good results in feeding clover hay were doubt-
less largely due to the use of clover of first quality and to the limit-
ing of the amount fed to about one pound per hundredweight per
day. The fact that the trial was of 364 days' duration would indi-
cate that the ration used might be safely and satisfactorily employed
over a long period of time with farm work horses in general. The
results of this experiment are similar to those of previous experiments
reported by this Station, which have demonstrated clover hay to be a
suitable feed for work horses. 1 Ear corn and oats make a good grain
ration to feed with clover hay.
It is worth while to call attention to the feeding standard for
work horses as shown by the Modified Wolff-Lehmann Standards. 2
According to this standard, horses weighing approximately 1,500
pounds, doing medium work, require in their ration from 24 to 36
pounds of dry matter per day ; 2.10 to 2.55 pounds of digestible crude
protein ; 19.2 to 23.4 pounds of total digestible nutrients ; and the ra-
tion should have a nutritive ratio of 1 :7.8 to 8.3
;
that is, for every
pound of digestible crude protein there should be about eight pounds
of carbohydrates and fat equivalent. (In calculating the nutritive
1 See Bulletin 150, Feeding Farm Work Horses, by E. C. Obrecht, August, 1911.
2 Feeds and Feeding, by Henry and Morrison, page 671.
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TABLE 1. SUMMARY OF FEEDING EXPERIMENTS WITH FARM WORK HORSES
Showing Rations Fed and Average Weight, Feed Consumption, and Work
per Horse
1 Grain
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average for farm horses is about 3.5 per work day. (The number of
work days is calculated by deducting Sundays ; hence, there are 312
in a year.)
The mileage record is only approximately correct, as the distances
were frequently closely estimated rather than accurately measured.
It is a very close estimate, however, and shows what may be accom-
plished with farm work horses if they are used to the best advantage
in a system of diversified farming.
THE 1913 EXPERIMENT
The 1913 experiment, also reported in Table 1, included a period
of but 140 days and on this account the data cannot have the same
value as those for the other three tests, which covered 364 days each.
This experiment does, however, include the period of rush work on
the farm April 27 to September 14.
The ration fed two-thirds ear corn, one-third oats, by weight,
and mixed hay (clover y2 and timothy y2 ) was satisfactory so far
as the character of the feeds was concerned, and doubtless there is
some advantage in using a variety of feeds. The amounts fed, how-
ever, were not sufficient to maintain the average initial weight of the
horses, as is shown by the loss in weight at the end of the experiment
and by the average weight during the experiment, which was less
than either the initial or the final weight.
The nutrients supplied in this ration are about the minimum or
a little less than the minimum requirements given by the Modified
Wolff-Lehmann Standard for a 1,600-pound horse doing medium work.
These horses were doing hard work, so that it is not surprising that
the ration was not sufficient to maintain their weights. If the same
feeds were used, but in larger amounts than in this trial, there would
seem to be no reason why the ration should not be found entirely
satisfactory for farm work horses for use over a long period.
The horses worked an average of 8.25 hours per work day. Both
the labor record and the number of miles traveled were considerably
reduced in this test by the record of one horse. Three of the horses
worked an average of almost 8.75 hours per work day and traveled
more than 1,300 miles each. The fourth horse was susceptible to
frequent attacks of colic and averaged about two hours less work
per work day and traveled 300 miles less than the other three. This
fact, of course, resulted in a reduction in the average labor and mile-
age records, which even with this reduction are exceptionally good.
THE 1914-15 EXPERIMENT
The grain feeds in the 1914-15 experiment were the same and were
fed in the same proportions as in the two previous experiments. One
horse in each team was fed alfalfa hay, and the other horse, alfalfa
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1/2 and timothy y2 . However, there was so little variation in the
amounts of grain and hay consumed and the number of animals was
so small that it is impossible to make a definite comparison of the
two hay rations.
The alfalfa hay proved a palatable and healthful feed, causing
no functional disturbances, digestive or otherwise. It was well cured
and sound but was rather brown and stemmy. The fact that equal
amounts of alfalfa and timothy in the ration proved so successful
would indicate that if alfalfa is high in price it might be advisable
to replace part of it with timothy. It might also be profitable to
substitute other carbonaceous roughages, such as corn stover or oat
straw, for the timothy in this ration and secure good results and a
reduction in costs.
While the alfalfa, ear corn, and oats made a good ration, the re-
quirements of these horses whose weights averaged about 1,640
pounds and who were doing medium work were, in some particulars,
more closely met by the alfalfa, timothy, ear corn, and oats ration.
The following tabulation shows the Modified Wolff-Lehmann Stand-
ard for 1,640-pound horses at medium work and the nutrients sup-
plied per day by the rations used in this experiment.
Dry matter Digestible Total digest- Nutritive
Ibs. crude protein ible nutrients ratio
Ibs. Ibs.
Kequired by Modified
Wolff-Lehmann Standard... 26.24-39.36 2.29-2.79 20.99-25.58 1:7.8-8.3
Supplied by the ration of
Alfalfa, ear corn, and oats
(average for 2 horses) 29.58 3.10 21.22 1:6.0
Alfalfa, timothy, ear corn
and oats (average for 2
horses) 29.19 2.45 20.S9 1 : 7.6
These figures show that the timothy reduced the supply of pro-
tein to a little nearer the average requirements and thus gave a wider
nutritive ratio. Under farm conditions it is probably best to feed
alfalfa as one-half to two-thirds of the roughage ration rather than
as the sole roughage. An over supply of protein may not be injurious,
lut as protein is frequently the most expensive nutrient in the ration
it is of advantage, in preventing excessive cost of feed, to keep the
supply of protein down to the requirement.
The average gain in weight (6 pounds) was entirely due to a
gain of 75 pounds by one horse. Two of the horses lost 25 pounds
each and the fourth neither gained nor lost.
The labor record of 8.07 hours per horse per work day was a little
better than the record in 1912 of 8.02 hours. No mileage data were
obtained in this trial.
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THE 1916-17 EXPERIMENT
The 1916-17 experiment is probably the most important of this
series of tests, particularly because of the fact that thruout an entire
year only two feeds were used in maintaining the work horses, and
furthermore because of the fact that these two feeds are rather com-
monly considered, at least in some sections, as poor feeds for horses.
For 364 days the horses in this test were given only ear corn and
alfalfa hay, and during most of this time they worked at farm work
and general teaming that would class as medium to hard work. The
data are presented in Table 1.
As the figures show a good weight for the horses during the ex-
periment and an average gain of 30 pounds over their initial weight,
the ration must be considered a success from the standpoint of being
sufficient to maintain weight. Observations of the health, condition,
thrift, and spirit of the animals also showed the ration to be success-
ful. The chief criticism would be that the lack of variety in the ra-
tion caused some decrease in appetite, and hence the horses were
lacking in an extremely sleek appearance, particularly just before
the close of the test. It should be mentioned in this connection that
the summer of 1916, during which this experiment was conducted,
was so hot and dry as to be a severe test for any system of feeding.
The average consumption of ear corn per hundredweight per day
v/as a little under one pound, and the daily consumption of alfalfa
hay was only 1.14 pounds per hundredweight. The use of alfalfa
hay evidently reduced the grain requirement. The alfalfa used in
this test had been in the barn a year, was well cured, sound, and was
not so leafy as choice pea-green hay. The advantage of using a
nutritious roughage is apparent when feed costs are considered, par-
ticularly if grains are high in price.
This ration supplied approximately 28.43 pounds of dry matter,
2.93 pounds of digestible crude protein, and 20.50 pounds of total
digestible nutrients. The amount of total digestible nutrients corre-
sponds closely to the Modified Wolff-Lehmann Standard. However,
the amount of protein supplied was somewhat in excess of the require-
ment, and for this reason the nutritive ratio was narrower than it
needed to be.
While these two feeds contained an abundance of nutrients and
were successfully used in this experiment, they would not be consid-
ered the most desirable combination for feeding farm work horses for
a whole year or longer where conditions made it possible to use a
greater variety of feeding stuffs and possibly make some use of
pasture at night and on idle days during the summer. Under farm
conditions some oats might be fed with the corn, and some carbona-
ceous roughage, such as timothy, prairie hay, oat hay, oat straw, or
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FIG. 1. FOUR OF THE HORSES USED IN THE EXPERIMENTS
The condition, appearance, spirit, and weights of these horses would seem to
demonstrate that ear corn and good legume hays are very satisfactory basic feeds
for farm work horses. The pictures show the horses near the close of the last
experiment. Nos. 91, 87, and 90 were used in the last three experiments; No. 95
in the last two only.
corn stover, might well form at least one-third of the roughage. These
substitutions would usually result in a reduction of feed costs and
the ration would undoubtedly be improved thru the use of a variety
of feeds. However, ear corn and alfalfa hay may be used to a rather
large extent in making up rations for work horses. They are highly
desirable feeds, both because of their nutritive value and because of
their suitability for the best corn-belt cropping practices.
The labor record of 8.07 hours per horse per work day is very
good and would have been better had it not been for a shortage of
teamsters during part of October and November, which reduced the
use of the horses. The record of the distances traveled is accurate in
this experiment, the measurements having been made by means of
odometers on small carts attached to all the implements to which the
horses were worked.
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COST OP FEED
The cost of feed is usually estimated as amounting to about 75
percent of the entire cost of the keep of horses, and it is one of the
places where the man who owns horses may well attempt to reduce
his operating expense. As a help in this direction Table 2 is pre-
sented showing the average total and daily cost of feed as based on
four different sets of feed prices for each of the four different rations
used.
In this table total feed consumption will be found expressed in
bushels and tons also, so that anyone can easily figure for himself the
cost at prices prevailing in his community and thus arrive at figures
of more value to him.
The 1913 experiment shows the lowest feed cost per day, but it
should be remembered that the horses in this experiment were not
fed sufficient amounts to prevent losses in weight.
TABLE 2. AVERAGE TOTAL AND DAILY COST OF FEED FOR FARM WORK HORSES
BASED ON VARIOUS PRICES
(For feed prices see bottom of page)
1912: 364 days
Ear corn
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DISCUSSION OF RESULTS WITH MULES
The results of the experiments with mules will not be discussed
separately in as much detail as the experiments with the horses since
the same rations were used as for the horses and the remarks concern-
ing the horses will apply here also. The recommendations for im-
proving the rations for horses might also be made for improving the
rations for mules.
The Modified Wolff-Lehmann Standards contain no table of re-
quirements for mules. For the following tabulation the mule's re-
quirements are assumed to be the same as the requirements for horses
of the same weight. This may or may not be correct; at best it is
an assumption and is not based on definite established knowledge. It
is used, however, because there is apparently no other standard adapted
for the purpose. (The amounts given are based on the average daily
ration.)
Digestible , ' Total
Dry matter
Ibs.
Requirements for 1,360-lb.
horse at medium work 21.76-32.64
Supplied by a ration of
Ear corn, oats; clover (1912).. 22.84
Ear corn, oats ; clover */> and
timothy V2 (1913) 19.56
Ear corn, oats ; alfalfa (1914-
15) (average for 2 mules) . . 22.71
Ear corn, oats ; alfalfa ^ and
timothy % (1914-15) (aver-
age for 2 mules) 22.75
Ear corn; alfalfa (1916-17) .. 23.22
crude
protein
Ibs.
digestible
nutrients
Ibs.
17.41-2.
2.05
1.48
2.40
1.90
2.43
16'.69
14.08
16.12
16.11
16.35
Nutritive
ratio
1:7.1
1:8.5
1:5.7
7.5
5.73
The 1912 ration of ear corn, oats, and clover hay, and the 1914-15
ration of ear corn, oats, alfalfa y2 and timothy y2 more nearly sup-
plied the requirements of the mules, according to this tabulation,
than did any of the other rations. This was also the observation made
during the progress of these experiments. The figures show, too, that
the nutrients supplied in 1913 were about in the proper proportion
but wrere insufficient in amount even for mules doing medium work,
and the work which these mules did during the test would be classed
as hard work. The insufficiency of the ration, so far as amount sup-
plied is concerned, is further shown in Table 3 by the loss of weight
by the mules. Only in this one particular was this ration at all un-
satisfactory. The feeds used in this trial, so far as their character
is concerned, are suitable for mules at medium or hard work.
The ear corn and alfalfa used in the 1916-17 experiment were
ample to maintain the weights of the animals and to supply energy
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FIG. 2. THE FOUR MULES USED IN THE EXPERIMENTS
These mules were used in all experiments reported in this bulletin. Rations
composed largely of ear corn and legume hays kept them in good condition while
doing medium to hard work. The pictures were taken near the close of the last
experiment.
for them to do considerable work. The supply of protein was larger
than necessary and the nutritive ratio was too narrow. This could
have been remedied by the use of some roughage that contained less
protein, such as timothy hay or oat straw, in place of about one-third
or one-half of the alfalfa.
In general, those rations which most closely approached the. re-
quirements of the above standard were more satisfactory than those
which showed rather marked deviations, except in the case of the
1913 experiment, which has already been explained.
In all four experiments with mules the labor record is very satis-
factory. The average amount of labor per mule per work day was
8.06 hours for the first experiment ; 8.69 hours for the second ; 8.43
hours for the third
;
and 8.25 hours for the fourth. In all the trials
the mules worked an average of more than 90 percent of the total
number of work days.
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TABLE 3. SUMMARY OP FEEDING EXPERIMENTS WITH MULES
Showing Rations Fed, Average Weight, Feed Consumption, and Work per Mule
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COST OF FEED
Table 4 shows the cost of the feed for the mules for all the experi-
ments. It is constructed in the same way as the table of feed cost
given for the horses.
Here, too, the lowest cost per day is for the 1913 trial, during which
time the ration fed was not sufficient to maintain the weights of the
mules. The cost in this experiment would of course be larger if the
feed had been sufficient in quantity to maintain the weights of the
animals.
TABLE 4. AVERAGE TOTAL AND DAILY COST OP FEED FOR MULES, BASED ON
VARIOUS PRICES
(For feed prices see bottom of page)
1912: 364 days
Ear corn
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TABLE A. SUMMARY OF 1912 FEEDING EXPERIMENT WITH HORSES: 364 DAYS
Ration: ~2^ Ear Corn, % Oats; Clover
Horses. .
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TABLE C. SUMMARY OF 1914-15 FEEDING EXPERIMENT WITH HORSES: 364 DAYS
Ration: % Ear Corn, % Oats; Alfalfa, r ^ Timothy and % Alfalfa
Horses
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TABLE E. SUMMARY OP 1912 FEEDING EXPERIMENT WITH MULES:
Ration: X Ear Corn, K Oats; Clover
[January,
364 DAYS
Mules
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TABLE G. SUMMARY OF 1914-15 FEEDING! EXFE-IIMEST WITH MULES: 364 DAYS
Ration: % Ear Corn, % Oats; Alfalfa, or Yz Timothy, Y2 Alfalfa
Mules
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